introduction
Non-Hodgkin lymphoma (NHL) occurs more often in men than women, although within this heterogeneous group of malignancies, some subtypes are more common among women than men [1] . For the two most common NHL subtypes, the sex ratio for diffuse large B-cell lymphoma (DLBCL) is consistent with NHL overall, while follicular lymphoma (FL) has a slight female predominance. The reasons for the differential sex ratios, like the causes of most NHL subtypes, are unclear. NHL has been linked to severe immunosuppression and so factors that affect immune response, such as sex hormones [2] , may be involved. For women, a relationship between reproductive history and NHL has been suggested.
Among women, production of sex hormones such as estrogen and progestogen changes with different reproductive stages such as menarche, pregnancy and menopause, or is altered exogenously by the use of hormonal contraception or other hormone treatments. Menstrual and reproductive factors as well as hormonal contraception have been examined with respect to NHL risk, but to date, findings have been equivocal [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Few studies have reported risks for NHL subtypes [3-7, 11, 22] , and generally have been limited by small study size. To investigate the association between NHL and menstrual and reproductive factors, we conducted a pooled analysis of individual data from case-control studies involved in the International Lymphoma Epidemiology Consortium (InterLymph).
materials and methods
Case-control studies with data on reproductive factors were identified through the InterLymph Consortium. Table 1 outlines the studies' designs and more details have been published [4, 7, 11, 13, 15, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . Eighteen studies conducted between 1983 and 2005 in 10 countries across North America, Europe and Japan contributed data to this pooled analysis. Women with NHL were identified using rapid ascertainment techniques and female controls matched to cases on age were selected from population registers or from among hospital or clinic patients. The appropriate ethical committees approved each study and participants gave their informed consent. Italy studies) have been described [33] . The majority of studies did not recruit cases with HIV-associated lymphoma, Hodgkin lymphoma or multiple myeloma, and so these exclusion criteria were applied across the pooled dataset.
Women were asked about their reproductive histories during in-person or telephone interviews, or through self-completed questionnaires. An anonymized dataset was supplied for each study and was checked for inconsistencies before harmonizing variables and coding data uniformly across studies. Details of reproductive histories collected varied by study: the number of children or births was asked in all 18 studies; whether women had ever been pregnant (13 studies); number of pregnancies (7); ages when periods started and stopped (8) . Parity was defined as having one or more full-term pregnancies (Los Angeles), live births (Connecticut) or children (all other studies). The woman's age at first birth and the number of years between the last birth and date of diagnosis for cases and date of interview for controls were derived from the children's dates of birth or woman's age at her children's births. When examining the risk of NHL related to parity, analyses were restricted to women aged 40 or older, a group likely to have completed their families. Information on hormonal contraception was collected in 14 studies with all collecting years of use, 13 requested age or year at first use and 11 requested age at last use. Analysis of hormonal contraception was limited to women born in 1925 or later who would be of reproductive age when hormonal contraception first became available [34] . Control distributions of reproductive variables followed the patterns expected; for example, women in southern Europe and Ireland had a greater number of children, and Japanese women tended to be older at menarche than elsewhere. Accordingly, variable categories Annals of Oncology original articles were initially defined by the interquartile ranges within each study, but since findings were similar to those based upon uniform categories across all studies, the latter are reported. A two-stage meta-analysis was carried out. The first stage was to conduct logistic regression to estimate study-specific odds ratios (ORs) and 95% confidence intervals (CIs) adjusted for age as a continuous variable and ethnicity grouped as Caucasian or other as potential confounders. In order to include all studies, exact methods were employed where the number of cases and controls in any cell was five or less, and where there were no cases or controls, risks were estimated by adding a half to all cell frequencies. Study-specific risk estimates were then pooled in a metaanalysis using a fixed-effects model where there was no evidence of heterogeneity and a random-effects model when heterogeneity was present. Heterogeneity was tested using Cochrane's Q test, statistically significant at P heterogeneity <0.10, and the amount of heterogeneity was described by the I 2 statistic. Pooled risk estimates for trend were calculated by pooling the study-specific ORs for trend and were based upon the ordinal variables. Sensitivity analyses stratified by covariates such as study design were conducted; meta-analyses were repeated, including risks estimated from cell frequencies of more than five to confirm the stability of the pooled risk estimates. To assess whether findings were influenced by confounding factors, analyses were conducted adjusting study-specific risk estimates for socioeconomic status (high, medium, low), smoking status (never, ever), consumption of alcohol (never, ever) and body mass index (underweight, normal weight-for-height, overweight, obese [35] ). Individuals with missing values for reproductive variables were excluded from the relevant analysis. All analyses were conducted using Stata 11.1 (StataCorp LP, College Station, TX, 2010).
results
Data on reproductive factors were pooled from 18 case-control studies and totalled 4263 women with NHL and 5971 controls. The majority of NHLs were B-cell in origin (n = 3461, 81%) and 5% (n = 221) were T-cell; for 14% (n = 581), immunophenotype was unknown ( Table 2 ). DLBCL (32%) and FL (25%) were the most common subtypes, while chronic lymphocytic lymphoma/small lymphocytic lymphoma, marginal zone B-cell lymphoma and other specific subtypes each comprised ≤10% of all NHLs. Almost 85% of cases were Caucasian, ∼70% were born between 1920 and 1949 and the median age at diagnosis was 60 years. Compared with controls, cases tended to be older in age, of white race and of lower socioeconomic status. Table 3 shows the findings for age at menarche, whether menstrual periods had stopped and the age when periods stopped. Compared with women who reached menarche between the ages of 12 and 14, women who were younger or older at menarche did not have an increased risk of NHL. Pooled risks of NHL were also close to 1 for periods having stopped compared with not, and for periods stopping at younger or older ages relative to stopping between the ages of 45 and 51. Similarly, no associations were found for the two most common subtypes DLBCL and FL (Table 3) .
The majority of women aged ≥40 had had at least one pregnancy, and NHL was not associated with ever having been pregnant ( pooled risk estimate = 0.97, 95% CI 0.80-1.17) or the number of pregnancies ( pooled risk estimate for trend = 0.97, 95% CI 0.91-1.03) when compared with women who had never been pregnant (Table 4) . Parity, number of children, age at birth of their first child and number of years since their last birth were also not associated with total NHL. Heterogeneity in risks associated with the number of children was due to two studies showing significant trends in opposite directions; the majority of studies showed no trend. Findings for DLBCL and FL were on the whole similar to those for NHL, although some statistically significant risks of FL were found. For instance, FL risks decreased with increasing number of pregnancies ( pooled risk estimate for trend = 0.88, 95% CI 0.81-0.96); however, there was no trend with increasing number of children either in all 18 studies or in the 7 studies which also had data on the number of pregnancies ( pooled risk estimate for trend = 0.97, 95% CI 0.91-1.03; pooled risk estimate for trend = 0.95, 95% CI 0.88-1.03, respectively). FL risk was increased among women who had had a child in the 10 years before diagnosis when compared with women who had never had a child ( pooled risk estimate = 1.87, 95% CI 1.02-3.40). The risk estimates for gravidity and parity changed little when adjusted for contraception use, socioeconomic status, smoking status, alcohol consumption and body mass index. Pooled ORs adjusted for age and ethnicity were estimated in meta-analysis using a random-effects model; pooled ORs and CIs were similar from a fixed-effects model where the amount of between-study variation in risk (I 2 ) was low. b Studies with data on periods starting and stopping were Connecticut, Mayo, UK, North Italy, Italy, HERPACC1 and HERPACC2; UCSF had data on age at menarche only, while Los Angeles had information on periods stopping. Among women born in 1925 or later, ∼40% reported having used hormonal contraception (Table 5) . Use was not associated with NHL ( pooled risk estimate = 0.98, 95% CI 0.83-1.16). Risks were also not increased among women who used hormonal contraception before or after the age of 22 or the year 1975; who used hormonal contraception for ≤5 years or >5 years; nor whose use was current or in the past 10, 20 or more years ago. Pooled risks for DLBCL were largely consistent with those for NHL overall (Figure 1 ). For FL, study-specific risk estimates mostly ranged from around one-to twofold, and when pooled, gave an increased risk of 1.30 with hormonal contraception use (95% CI 1.04-1.63). FL risk was also increased among women who were aged >22 years at first use ( pooled risk estimate = 1.46, 95% CI 1.10-1.92); who first used contraception before 1975 ( pooled risk estimate = 1.28, 95% CI 1.02-1.60); who used it for ≤5 years ( pooled risk estimate = 1.56, 95% CI 1.19-2.03); and who last used it ≥20 years ago ( pooled risk estimate = 1.55, 95% CI 1.02-2.35). Adjusting for the number of pregnancies, the number of children, socioeconomic status, smoking status, alcohol consumption and body mass index did not alter these findings.
discussion
This pooled analysis of InterLymph case-control studies from 10 countries across North America, Europe and Japan found little evidence to support an association between reproductive factors and NHL. The examination of potential risk factors among women limited the number of subjects for most studies to under half those recruited and so when considering NHL subtypes, study-specific ORs were most robust for the two most common, DLBCL and FL. In general, pooled risk estimates for other subtypes, including other B-cell lymphomas and T-cell lymphoma, were similar to those for NHL overall in finding no effect (data not shown). As for exogenous hormones, hormonal contraception was found to increase the risk of FL, while no association was found for DLBCL or NHL overall. Findings were examined further in sensitivity analyses and were found to be consistent whether pooled by continent or population-or hospital-based study design; restricted to studies where the participation rates were ≥70%, or to Caucasians; or adjusted for socioeconomic status, other lifestyle or reproductive factors.
Four studies included in this meta-analysis have reported their findings for menstrual factors [4, 7, 11, 13] , 11 for reproductive histories [4, 7, 11, 13, 15, 22] and 9 for hormonal contraception use [7, 11, 13, 22] ; the remaining studies are included here for the first time. This dataset comprises most of the available information arising from case-control studies on NHL risk associated with reproductive histories; only four others have published their findings, two on reproductive histories [17, 18] and two on contraception use [19, 21] . Among cohorts or case-control studies nested within cohorts, findings have been reported for menstrual factors in four cohorts [3, 5, 6, 9, 12] , reproductive histories in eight [5, 6, 8-10, 12, 14, 16] and contraception in three [3, 5, 20] . When examining the evidence, our findings are in agreement with those published previously for ages at menarche or menopause in showing no association with NHL overall or its subtypes [3, Annals of Oncology original articles 5, 6, 9, 12] . As for reproductive histories, the gravidity and parity variables investigated here have shown little consistent effect in other independent studies [5, 6, 8-10, 12, 14, 16-18] . In one cohort, NHL risks were found to decrease with increasing gravidity and parity [6] , with trends suggested not only for FL-as we found for gravidity-but for DLBCL as well. We also found an increased risk of FL among women who had had a child <10 years before diagnosis; no other data were available for direct comparison with one cohort reporting the risks of NHL overall, finding no association [10] . Hormonal contraception does not appear to be linked with the risk of NHL overall [3, 5, [19] [20] [21] ; for NHL subtypes, associations have been examined less often [3, 5] . Findings varied, with one cohort suggesting decreasing risks of DLBCL with longer use of hormonal contraception but no association for FL [5] , and the other reporting no association with either DLBCL or FL [3] . The US women followed in these cohorts may differ from the women studied here with regard to factors such as birth cohort and socioeconomic status, for instance. In our study, risks were increased for FL, particularly for older age or earlier time period at first use; shorter durations of use; and last use at least 20 years before diagnosis. Findings for shorter durations of use may relate to older women of earlier birth cohorts having started contraceptives at older ages. Unfortunately data on contraception formulation were not available, although the majority of women were probably using original articles Annals of Oncology estrogen and progestogen rather than progestogen-only contraception. Hormonal contraception was also likely to be taken orally as contraception administered by other routes is rare in the countries of study [34] . As for investigating possible dose-response relationships, the time period of first use was chosen as a surrogate marker for hormone dose, although at around the same time, oral contraception changed from sequential administration of hormones to the combined pill. During the 1970s, estrogen and progestogen levels in the pill were reduced and our findings for FL are consistent with periods when hormone contraception doses were at their highest. Interestingly, we found that FL risk declined as time since last use got closer to diagnosis. As the studies included are contemporaneous, this finding may reflect use during the higher dose era. Nevertheless, to our knowledge, this is the first study of NHL that has considered the time before diagnosis that hormonal contraception was used. Its effect has been examined for breast cancer where a similar pattern has been reported among women diagnosed at ages akin to the majority of our FL cases (i.e. after the age of 50) [36] . 
Annals of Oncology original articles
The mechanisms by which hormonal contraception may lead to FL are uncertain but may involve the effects estrogen has on the immune system. Sex hormones are known to affect B-cell development, cytokine production and cytokine receptor expression, for instance [2] . Estrogen at physiological levels increases the production of cytokines associated with innate immunity [e.g. interleukin-2 (IL-2), interferon-γ (IFN-γ)] and suppresses the humoral response. With the pharmacological intake of estrogen from hormonal contraceptives, the immune system switches more towards the humoral response with the production of cytokines such as IFN-γ being reduced and IL-6 and IL-10 increased [37] . This environment may increase the number of B lymphocyte subpopulations perhaps via estrogen receptors and the estrogen-induced expression of the bcl-2 gene reducing B-cell apoptosis [38] . There is also the suggestion from mouse models that estrogen can increase sensitivity to prolactin and prolactin can cause more autoreactive B cells to mature to follicular B cells [39, 40] . However, estrogen effects vary between species and even strains of mice so the exact processes by which estrogen alters the immune system are not fully understood, and even less is known about its role in lymphomagenesis.
Oral contraception has been available in the United States since the early 1960s, from the mid to late 1960s in Europe and not until the 1990s in Japan. With regard to our investigation of NHL risk, the reliability of the findings depends on the accuracy of self-reported information-which for oral contraception has been shown to be high when compared with medical records [41] [42] [43] -and the representativeness of controls of the population from which cases arise. As a comparison, data on ever using oral contraception among 100 000 women participating as controls in studies of breast cancer were accessed [44] . Our control data were similar to the percentage of ever users among US, Canadian, German, French and Italian women born in 1925-1929 through to 1945-1949, and although not entirely consistent, differences may relate to factors such as region and socioeconomic status. Examination of data by study and birth cohort (Figure 2) indicates the variation in lifetime use of oral contraceptives among different generations of women living in a number of economically developed nations.
In conclusion, this study found little evidence of an association between reproductive factors and NHL overall or its two most common subtypes, DLBCL and FL. The results suggest that the risk of FL was increased among women who had used hormonal contraception but that hormonal contraception was not related to NHL overall or DLBCL. FL risk was highest for use many years before diagnosis and may original articles Annals of Oncology relate to oral contraceptives of higher hormone doses. This analysis has the advantage of a large sample size, detailed exposure information and information on potentially confounding factors and the consistency of NHL classification. One limitation, however, was it included women in economically developed nations and not other parts of the world where the incidence of FL may differ. In addition, since the majority of women studied were born before 1950, our findings may not be applicable to women of later birth cohorts and in particular, may not apply to lower dose contraceptives if a long latency is needed before FL onset. Future investigations among women of later birth cohorts may address whether lower dose contraceptives pose a risk to the development of FL.
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